Context: Furcal perforation is a common occurrence during endodontic treatment. Prompt intervention and use of proper repair materials are very important to improve the prognosis of involved tooth. Material qualities are also determining factor of success. Search for newer materials that are easy to manipulate, cost effective with better physical and biological properties is a never-ending process. Objective: The aim of the present in vitro study was to evaluate the sealing ability of ProRoot MTA, biodentine, and bone cement as furcation repair materials in molar teeth using dye penetration method analyzed under the stereomicroscope. Materials and Methods: A total of 45 recently extracted mandibular molars with non-fused well-developed roots were collected and intentional furcation perforations were made with a bur and perforations were treated with ProRoot MTA, biodentine, and bone cement. These specimens were then immersed in Rhodamine B dye. After their removal, dye penetration was evaluated after longitudinal sectioning of the teeth under the stereomicroscope. Results: The results showed that furcation perforation repaired with biodentine showed decrease in microleakage compared with that of ProRoot MTA and bone cement. However, there was no statistically significant difference between the ProRoot MTA and biodentine. Conclusion: Biodentine is a promising material for furcation repair as it overcomes some of the disadvantages of ProRoot MTA such as long setting time and poor handling characteristics.
INTRODUCTION
Endodontic therapy plays a key role in maintaining the integrity of the natural dentition which is essential for full function and natural esthetics. [1] In endodontic practice, procedural accidents are encountered frequently that will affect the prognosis of the root canal treatment. One of these procedural accidents is endodontic perforation. [2] According to Ingle, an endodontic perforation is an artificial opening in the tooth or its root created by the clinician during entry to the canal system or by a biological event such as pathological resorption or caries results in a communication between the root canal and the periodontal tissue. Except for resorptive defects or caries, furcation or root perforations are iatrogenic in nature and are the key causes of endodontic failure. Root perforations are reported as the second greatest cause of failure accounting for 9.62% of all unsuccessful cases. A furcation perforation refers to a midcurvature opening into the periodontal space and is the worst possible outcome in root canal treatment.
Favorable healing of periodontal tissue has been reported to occur when defects were closed as compared to those left open. [3] The choice of sealing material is a crucial factor that influences the outcome of treatment. [4] According to Ingle, ideal requirements of perforation repair material are as follows: The most commonly used repair materials are amalgam, resin-modified glass ionomer cement, calcium hydroxide, glass ionomer cement, composite resin, and ProRoot MTA. ProRoot MTA is a biomaterial that has been investigated for endodontic applications since the early 1990s. Despite its many advantages, MTA has some drawbacks such as a long setting time and discoloration potential, among others. [5, 6] Hence, efforts have been made to overcome these shortcomings, new calcium silicate-based bioactive restorative cement has been developed, namely biodentine. Advantages of this material are short setting time, high compressive and flexural strength, and color stability along with ease of manipulation. [7, 8] Bone cement is a potentially new repair material that has been investigated in dentistry recently, although it has been used in orthopedic surgery for the past 40 years, especially for the fixation of implants such as artificial hip joints with living bone. [9] The purpose of the present study was to evaluate the sealing ability of ProRoot MTA, biodentine, and bone cement as furcation repair materials in molar teeth using dye penetration method analyzed under the stereomicroscope.
MATERIALS AND METHODS
A total of 45 extracted human mandibular molar teeth with non-fused and well-developed roots, no caries or cracks were used in this study. Teeth were disinfected in 5% sodium hypochlorite solution for 30 min and stored in physiological saline. A standard endodontic access opening was prepared in all the teeth. Teeth were then decoronated 3 millimeters above cementoenamel junction using diamond disc under continuous water cooling. Similarly, roots were amputated 3 mm below the furcation. Sticky wax was placed over the orifice of each canal and the sectioned root surface including the pulpal floor. Teeth were then coated with two layers of varnish and perforations made in the furcation area. To ensure each perforation was centered between the roots, an indelible black marker pen was used to mark the location of the perforation. A perforation of 1 mm diameter was made from the external surface of the tooth with number 2 round carbide bur (SS White, USA) mounted on high-speed handpiece with air water coolant. The chamber and perforation were then flushed with saline and air-dried specimens were randomly divided into three groups (n = 15) according to the perforation material used for furcal repair:
• Group A: ProRoot MTA group. • Group B: Biodentine group. • Group C: Bone cement group.
Each repair material was mixed according to the manufacturer's instructions and was packed into the perforation defect to the level of the pulpal chamber floor. The root was moistened with cotton pellet inertly to simulate the clinical situation during the repair process. After 24 h, the access cavity was filled with composite resin. All teeth were placed in a thermocycling device for 2 days. Surfaces of the molars including access filling were covered completely with two successive layers of nail varnish except around the perforation area such that dye would penetrate only through the perforation area. The specimen was placed in 0.5% Rhodamine B dye solution for 24 h and then rinsed under tap water for 30 min. Then, teeth were split buccolingually with a diamond disc in a high-speed lathe. In each section, the actual value of dye leakage was calculated from outer margins of perforation cavity to the level of pulpal floor. The maximum dye penetration along the buccal and lingual walls of either the mesial or distal section was recorded using stereomicroscope (×10) as in Figures 1-3 . These various values were then subjected to statistical analysis.
RESULTS

SPSS (Version 16) and
Microsoft Excel software were used to carry out the statistical analysis of data. Mean and standard deviations were calculated. Comparison between the groups was done using ANOVA test and pairwise comparison was done using Tukey post hoc test [ Table 1 ]. P > 0.05 was considered statistically significant. Results demonstrated that furcation perforation repaired with biodentine showed decreased microleakage when compared with that of ProRoot MTA and bone cement as shown in Table 1 . However, there was no statistically significant difference Indian J Dent Adv 2019; 10(4): 176-180
Journal homepage:www.nacd.in between the ProRoot MTA and biodentine and statistically significant difference between ProRoot MTA and bone cement, and biodentine and bone cement as shown in Table 2 .
DISCUSSION
The principal goal of endodontic therapy is to remove microbes and seal the root canal system effectively. Inadvertent perforation interferes with this goal due to damage to the periodontal attachment apparatus and subsequent bacterial proliferation. Perforations can be successfully managed with the use of a non-surgical coronal approach by immediate placement of the reparative material in the perforation to prevent a bacterial infection. [10] Long-term success of a perforation repair is related to several factors among which the foremost is the biocompatibility of the material and ability of repair material to provide an adequate seal. [11] [12] [13] [14] [15] Therefore, the present study was conducted to compare the sealing ability of ProRoot MTA, biodentine, and bone cement when used to repair perforations in the furcation area. In the present study, biodentine (Group B) showed decrease in microleakage when compared with that of ProRoot MTA (Group A) and bone cement (Group C).
Biodentine is a bioactive dentine substitute specifically designed as a "dentine replacement" material. [16] The powder component of the material consists of tricalcium silicate, dicalcium silicate, calcium carbonate and oxide filler, iron oxide shade, and zirconium oxide, respectively, whereas zirconium oxide serves as a radio-opacifier. The liquid, on the other hand, contains calcium chloride as an accelerator and a hydrosoluble polymer that serves as a water reducing agent. The setting period of the material is as short as 9-12 min. The presence of setting accelerator in biodentine results in faster setting, thereby improving its handling properties and strength. This is an advantage over ProRoot MTA since a delayed setting time studied by Torabinejad et al. leads to an increased risk of partial material loss and alteration of the interface during the finishing phase of the procedure. Therefore, biodentine has a great improvement compared to ProRoot MTA in terms of setting time. [17] [18] [19] [20] ProRoot MTA is a mixture of a refined Portland cement, bismuth oxide, and gypsum and is reported to contain trace amounts of SiO 2 , CaO, MgO, K 2 SO 4 , and Na 2 SO 4 . ProRoot MTA has been extensively used as perforation repair material due to its reported favorable sealing ability, biocompatibility, and dentinogenic activity. [12] However, it has long setting time along with sensitivity to excessive or deficient moisture which affects its properties in a detrimental way. [5, 15] Discoloration of teeth restored with white MTA still seems a problem in some clinical cases. [6] The third material used in the study to repair furcation perforation was bone cement. Bone cement consists of polymethylmethacrylate and methyl methacrylate; the bone cement is said to exhibit low cytotoxicity and was found to be non-toxic in nature. It exhibits excellent biocompatibility, thus may allow for tissue reattachment. In addition, bone cement tolerates a moist environment very well. Blood contamination of bone cement resulted in a slight decrease in shear strength and no difference in mechanical penetration of the cement into the bone-bone cement interface. These characteristics potentially make it a suitable and desirable perforation repair material.
One of the problems of bone cement is the generation of high temperature during its polymerization, but Blinc et al. suggested that there was a negligible thermally induced effect of bone cement as mass of the cement used is small. [21] Microleakage of bone cement was more when compared with ProRoot MTA and dentine may be due to polymerization shrinkage as it is acrylic-like material.
Many techniques including dyes (India ink and methylene blue), chemical tracers, radioactive isotopes, scanning electron microscopy, and electrical conductivity have been used to test the sealing properties of restorative materials both in vivo and in vitro. The dye penetration technique has long been used in endodontics due to its ease of performance, does not require sophisticated materials. [22, 23] In the present study, specimens were immersed in a 0.5% aqueous Rhodamine B dye. Rhodamine B is a water-soluble fluorescent dye which is easily detectable, even in a low concentration, moves freely along the interface, low toxicity and is stable in an aqueous environment, stable in varying pH, non-destructive to the substrate, or material in contact. [24, 25] Gutman, in his study on furcation region of permanent molars, had reported that patency and ability of the fluid to pass through accessory canals in furcation. Therefore, all teeth were painted with a coat of nail polish to prevent dye penetration into lateral and accessory canals, especially in the furcation area. All the materials used in this in vitro study were tested under similar conditions, and therefore, the material showing the least leakage may be the material of choice for clinical applications. [26] 
CONCLUSION
Within the limitations of the present study, it can be concluded that both biodentine and MTA showed good sealing ability than bone cement when used as furcation repair material. Biodentine can be a promising material for furcation repair as it 
